The synthesis of at least three proteins, with molecular weights of approximately 87, 70, and 53 kd, was enhanced following the exposure of chick embryo fibroblasts to hyperosmolar shock of 30 min at 0.6 osM. Two of these proteins, the 87 and 70 kd, comigrated on one-dimensional gel electrophoresis with the stress proteins induccd by heat shock after 30 min at 44°C. In 3T3 cells, the hyperosmolar shock enhanced the expression of two proteins of 88 and 52 kd, whereas the heat shock increased the synthesis of several new polypeptides including the 88 and 52 kd mw. In SV40-transformed 3T3 cells the synthesis of two proteins of 72 and 69 kd was enhanced by heat shock, but no change of the protein pattern was recorded after the hyperosmolar shock.
INTRODUCTION
The adaptation process of animal cells to an adverse environment involves alteration of a number of structural and functional parameters such as the processes of macromolecular synthesis at transcription and translation levels, the permeability and barrier properties of the membrane, and the activity of membrane-associated enzymes including transport processes (10) . However, the main feature of the adaptive response appears to be the synthesis of a family of proteins, called stress proteins, whose function is at present poorly understood, and appears to protect the cells from adverse conditions in which they may find themselves (1, 6, 11) .
Many phenotypic properties of transformed cells can be mimicked by growing the cells in a hyperosmolar medium (3) . Under these circumstances the cells achieve higher saturation densities, exhibit prolonged life in culture, acquire the morphology and random orientation characteristics of transformed cells. They also increase the uptake of hexoses, enhance the production of lactate and pyruvate, turn offthe synthesis of fibronectin, and exhibit an increased agglutinability by plant lectins. However, the cells maintain anchorage dependency and do not grow in low serum or in semisolid growth medium.
In the last few years we have investigated the *Presented at the Third Sardinian International Symposium, October 6-9, 1985 in Cagliari, Italy. adaptive response of cultured animal cells to a hyperosmolar medium. The hyperosmolarity-exposed cells appeared to adapt to the unfavorable environment by altering the intracellular ionic content (7, 9) , and by increasing the transport activity for small molecular weight nutrients including amino acids (12, 13) . Furthermore, a modulation of the rate of protein synthesis and an altered expression of specific polypeptides was also recorded (8, 9) . In this report we provide evidence that an increased expression of stress proteins occurs when normal cells in culture are exposed to a hyperosmolar shock. A comparison with the stress proteins induced by a heat shock (HSPs) indicates homologies and differences. In contrast, hyperosmolarity does not appear to induce stress proteins in transformed cells.
METHODS

Cell Ctrlttrres.
Culturing conditions of chick embryo fibroblasts (CEFs), balb/c 3T3 and Simian virus 40-transformed 3T3 (SV3T3) cells have previously been described in detail (2, 13) . Culture media of altered ionic strength have been obtained by addition of NaCl excess.
Protein Labelling for Polyacrylaniide Gel Electrophoresis Analysis. To label cell cultures for polyacrylamide gel electrophoresis (PAGE) analysis, methionine-free growth medium was supplemented with 15 pCi/ml 35S methionine (specific activity I , I 15 Ci/mmoIe). After a labelling period of 1 hr, the cells were solubilized in buffer containing 62.5 mhi Tris-HC1, pH 6.8, 2% sodium dodecyl sulfate 41 1 412 BORGHETTI ET AL TOXICOLOGIC PATIfOLOGY (SDS), 5% 2-mercaptoethanol, 20% glycerol, and 0.002% bromophenol blue. After heating for 2-3 min in a boiling water bath, the cell extracts were analyzed by PAGE on slab gels using a standard apparatus. Equal amounts of radioactivity were loaded onto the gel. Proteins were separated on 10% slab gels in a SDS-discontinuous buffer system as described by Laemmli (9, with a constant current of 25 mA for approximately 5 hr. The gels were then fixed, dried, exposed to Kodak X-omat x-ray film with the aid of Fluorix intensifying screen for 6-12
days. The molecular weights of the labclled substrates were calculated by comparing their relative mobilities with those of co-migrated protein standards.
RESULTS
When cultured CEFs were exposed for a short time to a hyperosmolar medium, a marked inhibition of protein synthesis occurred rapidly. Ninety percent inhibition of protein synthesis was detected in cells exposed for 30 min to a 0.6 osM medium. Moreover, incubation of CEFs at 0.3 osM after the 0.6 osM shock resulted in a gradual restoration of protein synthesis (results not presented here). Following the hyperosmolar shock, the pattern of polypeptides synthesized during the recovery of the rate of protein synthesis changed. The autoradiogram presented in Fig. 1 demonstrates that in CEFs exposed to a hyperosmolar shock at least three polypeptides of apparent molecular weight of 87, 70, and 53 kd were induced. Furthermore, the three major HSPs (87, 70, and 25 kd) induced in CEFs by heat shock for 30 min at 44°C are clearly visible in the left lane. As shown, two of the inducible polypeptides appeared to have similar masses both in heat-and hyperosmolarity-shocked cells. In the same autoradiogram a marked reduction in the labelling of a high molecular weight polypeptide of 125 kd is also evident in cells exposed to the hypcrosmolar shock. If the polypeptide pattern expressed by CEFs was analyzed at different times after the shock, a marked reduction, or the disappearance of all the above mentioned protein bands would result 24 hours later (unpublished observations).
The response of such a different model as 3T3 cells to heat or hyperosmolar shock is presented in Fig. 2 . As shown, in 3T3 cells the heat shock induces an increased expression of several polypeptides, and the hyperosmolar shock enhances the synthesis of only two of them, namely the 88 and 52 kd. When SV3T3 cells were exposed to the same stresses ( Fig.  3) , an enhanced synthesis of only two polypeptides of 72 and 69 kd occurred after the heat shock; however, following the hyperosmolar treatment no change in the labelling of the polypeptide pattern was detected.
DISCUSSION
The results presented in this paper show that the expression of some specific proteins, tentatively identified as stress proteins, increases following the exposure of cultured avian and mammalian cells to a hyperosmolar shock. There have been a number of reports in the literature indicating that during the response of eukaryotic cells to an altered environment or noxious agents the synthesis of a family of stress proteins is induced or increased. However, to our knowledge, this is the first indication of an enhanced synthesis ofa specific set of proteins induced by a hyperosmolar shock in cultured animal cells. Based on the relative electrophoretic mobility, two out of the three protein bands induced in CEFs appeared to be similar to those produced by heat shock. Further biochemical and immunological work will be necessary to identify the hyperosmolarity-in- 2. --Induction of stress proteins by heat and hyperosmolar shocks in 3T3 cells. Cultures of 3T3 cells were not exposed (a) or exposed for 30 min at 0.5 (b), 0.6 osM (c) medium as obtained by addition of NaCl excess, or at 44°C (d). Three hours after the shock the cultures were labelled, extracted, and analyzed as described in the legend of Fig. 1 and in the Methods section. Lane c, labelled protein standards. duced proteins with the HSPs and to define their intracellular location and function.
That this response is not a unique characteristic of avian organisms is shown by the induction of stress proteins after hyperosmolar shock in a different model, such as 3T3 cells. However, it should be noted that the synthesis of only two proteins was increased after the osmotic stress while several polypeptides were.induced by heat shock in 3T3 cells. Two ofthese HSPs appeared to have electrophoretic mobilities close to those induced by hyperosmolarity in both CEFs and 3T3 cells. These results suggest analogies to the stress gene expression between these two cell models when challenged with a hyperosmolar environment. When SV3T3 cells are exposed to heat shock, the synthesis of only two HSPs is increased in comparison to that of several of them in 3T3 cells. However, no change in the labelling of the polypeptide pattern occurred following hyperosmolar shock. Why transformed cells, such as --Induction of stress proteins by heat and hyperosmolar shocks in SV3T3 cells. High density cultures of SV3T3 cells were not exposed (b) or exposed for 30 min at 0.5 (c), 0.6 (d), 0.7 osM (e) medium as obtained by addition of NaCl excess, or at 44°C (f). Three hours after the shock the cell cultures were labelled, extracted, and analyzed as described in the legend of Fig. 1 and in the Methods section. Lane a, labelled protein standards. SV3T3, have poor or no ability to enhance the expression of stress proteins in response to severe environmental changes, is not clear at present. Our unpublished observations indicate that several parameters of cell adaptation to continuous hyperosmolar stimulus, such as persistent increase of nutrient transport, transient inhibition of protein synthesis, and alteration of the internal monovalent cation concentration, occur in transformed cells in a similar fashion as in normal cells.
In connection to the poor ability of transformed cells to adapt to a hostile environment with changes in the polypeptide pattern expression, the results presented in a recent paper are worthy of note (4). The authors have presented evidence ofseveral times higher basal expression of HSPs in tumor cells than in those cell lines that could be categorized as more growth-controlled. In the light of this report, we
